Abstract-Neural populations produce complex oscillatory patterns thought to implement brain function. The dominant rhythm in the healthy adult human brain is formed by alpha oscillations with a typical power peak most commonly found between 9 and 11 Hz. This alpha peak frequency has been repeatedly discussed as a highly heritable and stable neurophysiological ''trait" marker reflecting anatomical properties of the brain, and individuals' general cognitive capacity. However, growing evidence suggests that the alpha peak frequency is highly volatile at shorter time scales, dependent on the individuals' ''state". Based on the converging experimental and theoretical results from numerous recent studies, here we propose that alpha frequency variability forms the basis of an adaptive mechanism mirroring the activation level of neural populations which has important functional implications. We here integrate experimental and computational perspectives to shed new light on the potential role played by shifts in alpha peak frequency and discuss resulting implications. We further propose a potential mechanism by which alpha oscillations are regulated in a noisy network of spiking neurons in presence of delayed feedback. Ó 2017 The Authors. Published by Elsevier Ltd on behalf of IBRO. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/ by-nc-nd/4.0/).
and neurogenic/neuropathic pain (Sarnthein et al., 99 2006; Boord et al., 2008) . However, the APF increases 100 again following carotid endarterectomy (Ucle´s et al., 101 1997; Vriens et al., 2000) as well as after neurosurgical 102 pain relief therapy (Sarnthein et al., 2006 respectively (Haegens et al., 2014; Maurer et al., 2015) .
126
In addition, Gutmann et al. (2015) smaller, and not significant (Gutmann et al., 2015) . ing) (Hu¨lsdu¨nker et al., 2015) . Moreover, in this study a acute administration of nicotine (Lindgren et al., 1999), 146 caffeine (Tiffin et al., 1995; Bchir et al., 2006) and buflo-147 medil -a vasoactive drug (Saletu et al., 1984 the opposite direction (Kostyunina and Kulikov, 1996) .
155
Furthermore, significant deceleration of the APF was 156 reported during Qi Gong (Zhang et al., 1988) and 157 meditation state (Saggar et al., 2012) . Moreover, the 158 APF was positively correlated with the Coma-Recovery CRS-R score and thus, the expected degree of con-162 sciousness, the lower the APF (Lechinger et al., 2013 Klimesch et al., 1993; Nir et al., 238 2010) or at least a clear tendency 239 toward it (Haegens et al., 2014) .
240
Hence, although this needs further 241 investigation, consistent with our A selection of studies demonstrating alpha peak frequency accelerations as a function of task demands or pain stimulus intensity. Alpha peak frequency increases from rest to task performance with low task demands to task performance with high task demands for working memory tasks (Haegens et al., 2014, Neuroimage and Maurer et al., 2015, Brain Topogr , not shown) as well as during sensorimotor control (Hu¨lsdu¨nker et al., 2016, Front Hum Neurosci) . A similar pattern of alpha frequency acceleration occurs during application of tonic heat stimuli where noxious heat stimuli (10.3-Hz) lead to greater alpha peak frequency increase when compared to innocuous stimuli (Nir et al., 2010, Brain Res) . These results suggest the shift in alpha frequency is (i) a widespread phenomenon not limited to specific types of tasks, and (ii) it depends on the level of cortical involvement. Fig. 2 . Hypothetical modulation of alpha peak frequency as a function of age and activation/ deactivation level. Alpha peak frequency, which starts to decrease with age after reaching a maximum during adolescence, can fluctuate substantially on shorter time scales. The direction of alpha frequency modulation depends on the level of activation or deactivation of distinct neural populations. Cortical activation by means of increased information processing demands, selective emotional states or analeptic drugs have been associated with a speed up of alpha frequency (orange). In contrast, cortical deactivation as a result of relaxation, some meditation sates or coma has been shown to slow down the frequency of alpha oscillations (blue). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
A. Mierau et al. / Neuroscience xxx (2017) interneurons (Wilson and Cowan, 1972; Whittington et al., 263 1995; Wang and Buzsa´ki, 1996) . (Klimesch et al., 2007; Womelsdorf et al., 2014 (Lefebvre et al., 2015) . In these studies, the authors have (Fig. 3) . through coherence framework (Fries, 2005 (Fries, , 2015 (Klimesch, 1996 and Maurer et al., 2015) of global oscillations (Chalk et al., 2016) and coupling 561 between alpha activity and higher frequencies (Jensen 562 et al., 2016) , notably using strategies that rely on sequen-563 tial processing of sensory information (Jensen et al., 564 2014) and the selective functional inhibition of distractor 565 networks (Jensen and Mazaheri, 2010 and anesthesia (e.g. see Purdon et al., 2015) . 
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